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‘1’hc (losimxcr  cxmsisk of a p-MOSIUW  that is opcrahxl  in a cons(an(  current IIKKIC,  allowing Ihc tc.mpcraturc  effects on
channc.1 mobility  and thrcshdd vol[agc to camxl  each other. ‘lhc objcctivc  of this dcsiga is m minitnizc  tcmpcratmc  cffcc[s
and cmphasim  [IIC dose c@cndc.ncc. The p-MOSl  ~1’1’s have. a closed geometry gale eliminating tbc source  10 drain bird’s beak
lc.aka~c path. ‘J’k dose clcpcndcmc  of Wansccmductanm  is shown to bc slnall,  and call bc igmrcd.



SIIMMARY

‘Ibis paper dcsc.ribcs the. “m-chip” P-MOSI ‘1~’l’ radiation dosimcwr prqmcd  for usc ON all flight  CMOS ASIC chips.
1 )osimtry  mmurcd  via p-MOSl d H’ thrcshcrld  vol[agc shif(s is influcnc.cd  by two sccmd order cffccls:  (a) the Iclnpcraturc
scrmitivity  of Ihc transconduc(ance faclor, Kl), and Um threshold vol~agc.,  V’I’, and (b) the. sourc.c to drain bird’s beak leakage
CUMCM [1,2.,3]. ‘J’hc goal iu developing the advanced P-MOS101’1” dosimc(cr was to minimize or eliminate these cffms.

‘1’hc p-MOSl;JUl’s  were measured iu chip form using an hp4062 parametric ON syslcm  with a hol  chuck.  IIa[a for chip 1,
dosilnc.tcr  1’1<1, is shown in ‘I”ablc  1. ‘J’hc.  p-MOSl’1  ~1’ 10 bc Jlmw 011 tlw Space ‘l”ccliuohgy Research Vchick (S’lRV)  is
opcralcd  in lhc saturation region which is insured by cmnccling the gate to (IIC drain as shown in };igwc 1, III the sa[ura(ion
region, drain cuITcnt  is given by:

(1) lp = (~3/?)  (V - Vrl’)2/[1  - O(V - VI’)]

where, ~ = Kl]  ● W/J., IK1’ = p ● Co, and V’J’ is [tic.  abso]u(c value of tlIc p-MOSIU 1’1’ threshold vol[agc.  “Ihc otllcr parameters
arc W and 1,, the as draww channel width and lcngh rcspcctivcly,  p is the chanucl  mobility, Co is (1IC gale oxide capacitance
pcI unil  area, O is the mobility  clcclric  field dcpcndcrm, and V is tlm gate, or output, vrdtagc.  App]yirig tllc ‘J”aylor series
cx]}ansion to the. O [cm and lctling  O ● VI’ terms vanish, a linear cqualion  is dcnvcd for the. square root of the drain currcut.

(2) 4(1]$ = i(p/2)[-v”H’  + v - (o/?)(V?”)]

‘1’his equation, and the da[a from “J’able 1, is plo[tcd in 1 ~iflurc 2, i(lcutifying  the tc.mpcralurc  it~dcpcndcnt  dmiu currcu(.  ‘J’hc
Impcral  urc dcpcadcm:  of Llic W curves shown in 1 ‘igurc 2. indicate that lcmpcraturc  effects on p-MOSl ‘J :’1~ dosimcmrs  can bc
]nillin~i~c.d by operating the p-MOS1 JJi’1’ at a cc.r(ain fixed c.urrcnt  value., tc,rmcd 10. “1’hc.  above scluarc.-law rclations}lip,
1 iquatiml 1, with O = O, is rcwrilkw io terms of the outpul  vollagc:

(3) V = VJ’ + (2Jp/~):1/2

‘1’lw ou(pu( voltage lcmpcralurc  sensitivity is fouid  by diffcrcntiatitlg  J !qua(iou 3 with rcspccl  to Icmpcraturc aud evaluating at
‘1 ‘o:

(4) Vq$() = V’l”j’ - (10/2)1/2  ‘ p’J’Jp#2’

wlmrc  Vq’o = i)\7/(3”1’lq~,,  V’J’”1 = ilv’1’kl’l’lrlo  = -1.752 mV/OC,  ~-I’o =. iJ~/WICIo = -n ● ~~l’o ahd n = 1.549. PO is the. value,
of palrl’= ‘lb. Solving Ikluation  4 for Io at Vq’o = O dc.fine.s the tc]ilpma(urc  indcpcndcnt  opc.ra[ing point:

( 5 )  10= 2fio~(V’J’rJ@ITo)2

l’or [I)c. dala givcli  in ‘J’abk 1, for ‘1’o = 303 K or 30 ‘C} 10 = 189.9 pA and ~1 = 13.78  ~pA as SIKNWI in l:igurc  2. ‘lhc
kmpcr’a[urc  indcpcndc.tll.  drain currcut, 10, depends oti the as dmv[~ geometry bccausc  [1 = K1’  ● W/J.. ‘1’hc design space for tksc
pMOSIU1’I’  dosilnctcrs  is shown ia l;igurc  3. ‘1’hc closc,d gcomc.ky  gale is SIIOWII in ];igurc 4, ‘1’hc calit~raliou  curve, or
dan lagc faclor, V’] j ), curve, for the p-MOSl;J 11’ dosimclcr  OH the protol~ dclctlor  chip is shown iu 1 iigurc. 5 [4]. ‘1’k damage
fachr is given for tllc lillc connecting O had and tJIc 8 day anneal point  at 100 had.
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‘J’a~)]c ]. p-MOSIJIH”  dosirnc(cr data as a funclim of
Icmpcrat m using  hp406?.  with hot chuck for chip 4,
transistor 1’1{1, with W,/J,  = 188,5/6 pndpm.
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IJigut-c  3, lksign s p a c e  for pMOSl;  Ii’J” dcrsimctcrs
showing IIW tcmpcralmc  imdcpcr~dcn(  drain cmcnt  as a
function of gcomcu y,

I

l;igl)rc 1. p-MOSl~Jfl’ dlosimkr wilh a constant cwrrcml
SO UICC,  II) =- 10, .sc( 10 lninimizc tcinpcra[urc valia~ion.
‘J’Iic.  ga(c VOIIagC.  is pmpor[ional  (o IJIC tolal  dose,

]’igurc 4. S’1’RV SRAM proton detector ASIC p-
MOSl J1 i’J’,  MP4, layout, where W/l. = 18?/4 pm/Iun,
showing the closed-gc.omctry gale.
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1 ‘igurc  ?. Curl clil-vcdlagc  dcpmdcncc of [k p-MOSl  ‘J 11’
dosimcmr s]mwing  the lcnlpcralwc.  indc.Jmdcnt  point  al
h:= 13.78 d}(A.
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l:igurc 5. S’lRV ASIC ]1-MOSl~J~l”, MI’4, calibra[irm cur
Alllwrling  aflcr O, 2, 5 and 8 days at 100 krad is slmw).


